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Abstract: Acylations and aldol-type reactions of cyclopropyl a-sulfonyl carbanions formed
from (1R *,2R*)-2-alkyl- I-(phenylsulfonyl)cyclopropanes (1R* 2R*)-3 gave (1R* 2R *)-l-acyl-.

and (IR*, 2R*)-l-{l-hydroxyalkyl)~2—alkyl 1- (phenylsulfonyl)cyc]opropanes [(LR*, 2R*)—6 and
(1R*,2R*)-8] in high yields, respectively, but no diastereoisomeric (15* 2R *)-products were formed.
The carbanion generated from (15* 2R *)-2-methyl- 1-(phenylsulfonyl)cyclopropane (15*,2R*)»-3b
led to rapid isomerization to provide a single diastereoisomeric (1R*,2R*)-product. © 1998 Elsevier

Science Ltd. All rights reserved.

INTRODUCTIO
A anantinmemeally miree suckameamane cuetsin jo o mrinirin Eantiien tmoa sxide vneatt ~d magiiend e o |
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ana a numoetr OF MCNoGs are avauaoiC 107 1S CONnsSirucCiion.” As an aGoition to ine appications o1 Suiur-oasca
reagents to or crni* svntheses. recently we renorted the svnthegis of enantiomerically nure (1R 2R)- an
ents (o orgnic mhcscs, recenllty we reported the synihesis of enanfiomencally pure (1K,2K)- and

synthes t

(15,25)-2- alkyl -(phenylsulfonyl)cyclopropanes [(lR 2R)-3 and (15,25)-3]." Since H-D exchage reaction
of a carbanion generated from cyclopropane 3a (R'=H) was first investigated by Cram," alkylations of
cyclopropyl «-sulfonyl carbanions produced from 3b (R':CH}), 2-[2-(methoxy)ethoxy]methoxy-
I-(phenylsulfonyl)cyclopropane, (1R*,2R*)-3,3-dimethyl-2-methoxy-1-(phenylsulfonyl)cyclopropane and
2,2-diphenoxy-1-(phenylsulfonyl)cyclopropane have been reported.”* On the other hand, the X-ray structure
determination of 2,2-diphenyl-1-(phenylsulfonyl)cyclopropyllithium was carried out by Boche.’

While the aldol-type reaction of 3a with hexanal or acetone was reported,’ there is no report on the general
behavior in acylations and aldol-type reactions of 2-alkyl-1-(phenylsulfonyl)cyclopropanes 3. Although
1-(phenylthio)cyclopropyllithium readily undergoes aldol-type reactions "*!" the carbanion of I-(phenylthio)-

cyclopropane contammg a substituent at C-2 was found to be unstabie.' 2 The ODJCLUVE of this work is to
elucidate the SICI'EOCIICITHSH’)’ in d(,ymn()ns and aldoi-t type reactions of the carbanions gCllCI'd[C(.I from 3.

RESULTS AND DISCUSSION

Although enantiomerically pure (1R,2R)-3 and (15,25)-3 were prepared using Baker's yeast,’ racemic
(1R* 2R*)-3 were prepared with ease by the following way. Sulfides 1a (Y=H) and 1b (Y=CH,) were
obtained by 1,4-addition of benzenethiol to 2-propenal (acrolein) or 3-buten-2-one in quantitative yields,
respectively, Treatment of 1b with NaBH, in the customary manner gave alcohol 2b, while reactions of 1a
with Grignard reagents R'MgBr in general afforded alcohols 2. According to the similar procedures as
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described in the literature,” (1R*,2R*)-3 were synthesized efficiently as ouows (1) oxidation of 2 to sulfones,
(2) tosylation, and (3) cyclopropanation with lithium diisopropylamide (LDA). In the present cyclization
reaction the formation of diasterecisomeric (15*,2R*)-3 were not dete ucd (Scheme 1).
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Scheme 1
Upon treatment with methyl alkanoates 4 or acyl chlorides 5 the carbanions formed from (1R*,2R*)-3

using n-BuL.i in THF readily underwent acylation to provide acylcyclopropanes (1R*,2R*)-6 in high yields,
but not to afford diastereomeric (1S*,2R*)-isomers (Scheme 2).
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Scheme 2

The stereochemistry of (1R* ,2R*)-6 was deduced by a combination of COSY and NOESY NMR spectra at
400 MHz. For example, in the spectrum of (1R*2R*)-6b NOE was observed between CH, (2) and
CH,CH,CH, located in cis configuration, and the absence of NOE between H (2) and CH,CH,CH, as shown
in Fig. 1.
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These findings mean that the intermediary carbanion underwent C-C bond formation with retention of its
configuration. The results obtained by these acylations are shown in Table 1.

Table 1. Preparation of Acylcyclopropanes (1R*,2R*)-6

1 o - 27

R dors R product yield (%)°
CH, 4a CH, 6a 65
CH, 4b CH,(CH,), 6b 75
CH, 4c (CH,),CH 6¢ 95
CH, ad CH,(CH,), 6d 72
CH, de Ph 6e 92

CH,(CH,), 4b CH,(CH,), 6f 63

Ph 4b CH,(CH,), 6g 74
Ph 4e Ph 6h 86
CH, 5b CH,(CH,), 6b 66
CH, 5c (CH,),CH 6¢ 71
CH, 5d CH,(CH,), 6d 53

a Isolated yield.

revealed the absence of other diastereomeric isomers. The subsequent 0x1dat10n of the mixture ot products 8
with pyridinium chlorochromate (PCC) yielded a single product (1R*,2R*)-6, and therefore, it was concluded
that both diastereoisomeric products 8 have (1R*,2R*) configuration. These results are shown in Table 2.

Table 2. Aldol-Type Reactions of Cyclopropanes (1R*,2R*)-3 with Aldehydes 7

R’ R product yield (%) diasteromeric ratio”
CH, CH,(CH,), 8b 87 55/45
CH, (CH,),CH 8¢ 7 57/43
a8 | W (CH AN A QA A0/
\./ll} \/ll‘\\/ll_lﬁ UL v AV RO
CH, Ph 8e 96 57/43
CH,(CH,), CH,(CH,), 8¢ 74 58/42
Ph CH,(CH,), 8g 74 55/45
Ph Ph 8h 86 53/47

a Isolated yield. b Determined by HPLC.

Interestingly, the acylations and the aldol-type reactions starting from (15* 2R*)-2-methyl-
1-(phenylsulfonyl)cyclopropane (iS*,2R*)-3b gave the different resuits, that is, the configurations of
products 6b and 8b were found to be (1R*,2R*), but not (15*,2R*) (Scheme 3).
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These results suggest that the carbanion generated from (15*,2R*)-3 immediately underwent complete

H
inversion of configuration to produoe a thermodynamically stable product. The interconversion might be
caused by the steric requirement of a lky ovreammn in which the sulfonyl group, the lithinm cation, and

THF molecules are held by chclanon. ' This assumption was confirmed by the experimental result that
protonation of the carbanion generated from (15%,2R*)-3b led to the formation of (1R* 2R*)-3b in a
quantitative yield (Scheme 4).
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DINCE enantior ICany pure (1N, 2nj- anda (1.5, 25 J-2-3IKyi- 1-(PHEnyistiiciy CyCiopropancs ((in, 21 j-5 ana
(1€ 7C\ 21 havae hoan cunthacized? and a ecnlfanvyl oronn mav canverted inta nther functional oronne ¥ the
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nrecant nrenarative me s mav be annlicable to oreanic svnthesis. In addition, these findings can also give
present preparative methogs may be applicable (0 organic syntnesis. In addiion, these hindings can also give
some informations to the stereochemistry of a carbanion on a cyclopropane ring.

EXPERIMENTAL

NMR spectra were recorded with a JEOL JNM-A-400 (400 MHz) or a Bruker AC-300 (300 MHz) using
tetramethylsilane as an internal standard and CDCIl, as a solvent. IR spectra were taken on a Shimadzu
FT-IR-8600 instrument. HPLC analyses were carried out with a Shimadzu LC-6A machine equipped with a
Nacalai Tesque C,,-AR or a Nacalai Tesque PYE column. Column chromatography was performed with
Wakogel 200 silica gel, and TLC with Merck silica gel 60 F,,,. THF is freshiy distiiied from caicium hydride
before use.

f 2 IO L £ 1 _oxbinwmolthion 2 _allama, Jo (3
rrepuranor U 1-pPneriyiifiiv-J-aininiviy (&)
3-(Phenvlthio)propanal (1a) and 1-phenylthio-3-butanone (1b) were readily prepared by 1.4- additions Qf
A\ ey 1uiUypivpdiial {1 a) Gl 1-pruvi yiuiu- S UUaiune (2 ) WL ILaQuiy  pivpaitis Uy Pauts 1010 18 L0 4
benzenethiol to 2-propenal (acrolein) and 3-buten-2-one in quantitative yields, respectively. Treatment of 1
with NaBH, in the customary manner gave 1-phenylthio-3-butanol (2b).
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1-Phenylthio-3-hexanol 2c¢. A Grignard reagent was prepared from 1-bromopropane (5.46 g, 60 mmol) and
A~ 11 AL

mg (1.40 g, 60 mmol) in ury THF (30 mi) at room temperature under Ar in the customary manner and was
cooled to 0 °C. To the stirred solution was added a solution of 1a (9.96 £, 60 mmol) in THF (20 ml) at 0 °C

durine a neriod of 1 h. The recultant colution wag stirrad for further 1 h after which the reaction o riimennk s

Priilip S pTAIVG UL 2 AL iR Ibounauil SUTuuU Wds SUHITCU 10T TUTUICT 1 10 aniler wiiiln ui€ reaciion was quencned

with dilute hvdrochloric acid and exracted with ethy] acetates (2 x 80 ml ) o ~ramhin raanic nhaca wac
2J L2 SaNe SRRANS Vinadswiwwas vy Wriiy i uvw\ulvu e~ UV IkIEL ), 1TV WULIIU 1

washed with brme drnied (MESO) fltered and concentrated in vacuo. Purification bv o

_______________ Purification by column
chromatography [sﬂlca gel; eluent hexane—ethyl acetate (4:1)] gave 2¢ (6.44 g, 51%) as a yellow liquid: IR
(neat/cm’') v, . 3361; 'H NMR 8 0.88 (1, /=6.8 Hz, 3 H), 1.29-1.44 {m, 4 H), 1.84 (m, 2 H), 3.27 (m, 2 H),
3.68 (m, 1 H), 3.90 (brs, 1 H) and 7.28-8.04 (m, 5 H).

1-Phenylthio-3-phenyl-3-propanol 2d. Upon the similar treatment of 1a with a Grignard reagent prepared
from bromobenzcnc and Mg the product 2d was isolated as a colorless solid: yield 55%; mp 83 °C; IR
(Nujol/cm'™*) V. 3370; ‘H NMR 8 1.34 (m, 2 H), 3.27 (m, 2 H), 3.70 (m, 1 H), 398 (br s, | H) and

noYEs

6.82-8.04 (m, 10 H).

Peparations of (1R* 2R*)-2-alkyl-1-(phenylsulfonyl)cyclopropanes (1R *,2R*)-

Al‘l‘nfl"\“" try the literatiime nracadurne for cunthocic Af anantinmarsally
AN 15 LW uiv IRLiaius L l.’lm TRV A i} D]lllll 1

sulfonyl)cyclopropanes (1R,2R)-3b," racemi
oxidation (H,0,-Na,WO,/methanol) to sul

cyduprop.matwn (LDA/THF).
The physical data of (1R*,2R*)-3 are summarized below.

(1R* 2R*)-2-propyl-1-(phenylsulfonyl)cyclopropanes (IR* 2R*)-3¢. Yield 55% (based on 2c¢); a viscous
liquid; IR (neat/em) v, 2928, 1448, 1306 and 1150; 'H NMR & 0.80-0.91 (m, 3 H), 1.11-1.27 (m, 5 H),
1.39 (m, 1 H), 1.68 (m, 1 H) , 2.19 (m, 1 H) and 7.52-7.92 (m, 5 H)(Found: C, 64.48; H, 7.03. Calcd. for
C,,H,0,S:C, 64.25; H, 7.19%).

R*)-2-phenyl-i (pnenytsm]onyl}cyclopmpanes (IR*2R*)-3d. Yield 57% (based on 2d); a colorless
solid; mp 89 °C; IR (Nujobem™') v, 2930, 1448, 1307 and 1150; 'H NMR § 1.47 (ddd, J=5.0, 8.8, 6.1 Hz,

/1n¢ r\n

—_—

max

1 HY 190 (AAdAA I—£ 1 SN Qo le: 1 Y DYA7T (AAA I—QQ &N ANT-> 1 1IN D QQ fAAA I-£1 QQ
111y, .07 \UUU, J—U. 1, J.YU, 7.7 1L, 1 11), L0/ (UL, Jy—0.0, J.V, VUV I11lL, 1 11), &.07 \Uuu, vy—-v.1, 7.7,
6.0 Hz, | H)and 7.00-7.95 (m, S H)

. yand 7.00-7.95 (m, S H).

Preparation of (158* 2R*)-2-methyl-1-(phenylsulfonyl)cyclopropane (1S*2R*)-3 b

The mixture of diastereoisomeric (15*,2R*)-3b and (1R*,2R*)-3b was formed by an alternative method;"
namely, cyclization of 2-methyl-1,3-di(phenylthio)propane 9, followed by oxidation and then separation by
column chromatography on silica gel: yield 10% (based on 9); a viscous liquid; IR (neat/cm') v__ 2963, 1447,
1319 and 1148; '"H NMR & 1.27 (m, 1 H), 1.33 (m, 1 H), 1.41 (m, 1 H), 1.43 (d, J=1.2 Hz, 3 H) 2.41 (m, 1
H) and 7.54-7.94 (m, 5 H)Found: C, 61.04; H, 5.99. Calcd. for C,,H,,0,5: C, 61.20; H, 6.16%).
[(IR*,2R*)-3b; yield 75% (based on 9)].

Preparation of (I1R* 2R*)-1-acyi-2-alkyl-1-(phenylsulfonyl)cyclopropanes (IR*,2R*}- 6
General procedure: To a stirred solution of 3b (0.98 g, 5.0 mmol) in dry THF (30 mL) was added dropwise

4+ 11se -~ vana 278 \ Q . - A ‘~r 2
Ulyiiuiui (1.7 1Hovi. lll HoaAauc, O,./70 Hiby, OV 1LV} -710 U UunluLt Al lllllls wdad LUllllll A 1uL O
min at _7R O aftar whirh athyl aratate (N8 o A mmanl) wace addad dranwice tn the ecnlittinn racnltant
Hik Gt =70 W Al WIHLE VUIRY T Glliadiv (V.00 &£, U HBHUVIJ WAd GUULU UITUP WISU U UL SULURIVIL. IV ILouadiL

solution was stirred at -80 °C for 30 min and then allowed to warm to room temperature over a period of 2

before being treated with saturated aqueous NH,Cl. The aqueous layer was extracted with ethyl acetate (2 x 50
mL), and the combined organic layer was washed with brine, dried (MgSO,), filtered and concentrated in
vacuo. HPLC analysis (column, C,,-AR or PYE; solvent, CH,OH/H,0=50/50; room temperature) of the
residue revealed the formation of a single diastereoisomeric product. Column chromatography [silica gel, eluent
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(0.80 g, 65%) as a viscous liquid: IR meavcm ") V. 1702, 1448, 1307 and 1i41; 'H NMR 81.10 ((l J=6.3
Hz, 3 H), 1.60 (dd, J/=7.8, 5.1 Hz, 1 H), 1.76 (dd, J=9.8, 5.1 Hz, 1 H), 2.41 (m, | H), 2.44 (s, 3 H) and

?
TRV

TRI_7TRE {fm S M D cnactrmim af ienlatad (1 D% IDX\_ Lo avhikhitad tha nkn;nna AF 10X IDXR\ tommras
F.J17 .00 Ui, J L), D1 DVIVER SPRLUTULREE UL IUIAiLU IR L7 j-Ua exnioitea tne aosence of VIO 4y J-DVIIK
(Found: C. 60 85 616 Caled forC H O C. 6048-H 5929%)
WVCOUIC, L, UR.82, T3, U.20. &G T0T 807 (% ~, VV.S8, 3, 2.T270),

R*)-6b-h were prepared by acvlations of (IR* 2R*)-3h-d

using methyl alkanoat 4 hlondc 5, and the physical data obtained are summarized below.

(1R*2R*)-1-Butanoyl-2-methyl-1-(phenylsulfonyl)cyclopropane (1R*2R*)-6b. Yields 75% (using
methyl butanoate 4b) and 66% (using butanoyl chloride 5b); a viscous liquid, IR (neat/cm ') v, 1702, 1448,
1307 and 1146; 'H NMR 3 0.82 (t, J=7.1 Hz, 3 H), 1.08 (d, /=6.4 Hz, 3 H), 1.22 (m, 2 H), 1.61 (dd,
J=7.6, 52 Hz, 1 H), 1.78 (dd, J=9.6, 5.2 Hz, | H), 2.34 (m, 1 H), 2.67 (m, | H), 2.93 (m, |1 H) and
7.51-7.85 (m, 5 HXFound: C, 63.37; H, 6.64. Calcd. for C, ,H,,0,5: C, 63.13; H, 6.81%).

By the similar acylation (using 4b) of (15*,2R*)-3b in place of (1R*,2R*)-3b (1R*,2R*)-6b was obtained
as a sole product in 77% yieid.

-1 d [~ 2
(neacm™) v, 1698, 1448, 1307 and 1141; 'H NMR 80.86 ,
1.77 (dd, J=8.0, 5.0 Hz, 1 H), 1.92 (dd. /=9.8, 5.0 Hz, 1 H), 2.39 (m 1 H), 339 (sept, .]—67 Hz, 1 H)
and 7.52-7.86 (m, 5 H)(Found: C, 62.93; H, 6.73. Calcd. for C,,H,,0,S: C, 63.13; H, 6.81%).

(1R*2R*)-1-Octanoyl-2-methyl- 1 -(phenylsulfonyl)cyclopropane (1R* 2R*)-6 d. Yields 72% (using methyl
octanoate 4d) and 53% (using octanoyl chloride 5d); a viscous liquid, IR (neat/cm™) v__ 1704, 1316 and

max

1148; '"H NMR 8 0.87 (t,J=6.6 Hz, 3H), 1.08 (d, J=6.2 Hz, 3 H), 1.12-1.50 (br, 10 H), 1.61 (dd, J=7.6,
5.1 Hz, 1 H), 1.78 (dd, J=9.8, 5.1 Hz, 1 H), 2.37 (m, | H), 2.65 (m, | H), 2.93 (m, |1 H) and 7.51-7.84
(m, 5 H{Found: C, 67.36; H, 8.19. Calcd. for C,;H,0,S: C, 67.04; H, 8.13%).

N . /1 D:k 2R*
l([ U[I{HLC {7, 2\
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<

)- € i
R 1) (A -4 L1
v 1 ~ \u AW N B § .

A

U

N O

-

zZ, - 1
7.42-8.00 (m, 10 H)(Found:

a
@ 7L

s
-

i1z

=]
b
=
1%
99
=]

(1R* 2R*)-1-Butanoyl-2-propyl-1-(phenylsulfonyl)cyclopropane (I1R*2R*)-6f. Yield 63%; a viscous
liquid; IR (neaem') v, 1702, 1447, 1307 and 1146; "H NMR & 0.87 (t, J=6.6 Hz, 3 H), 0.89 (t, J=6.6 Hz,
3H), 1.12-1.50 (br, 6 H), 1.61 (dd, J=7.2, 5.2 Hz, | H), 1.78 (dd, J=9.6, 52 Hz, 1 H), 2.37 (m, 1 H),
2.68 (m, 1 H), 2.87 (m, 1 H) and 7.42-8.00 (m, 5 H)(Found; C, 65.47; H, 7.24. Calcd. for C, H,,0,S:

C, 65.27; H, 7.53%).

(I1R* 2R*)-1-Butanoyl-2-phenyl-1-(phenylsulfonyl)cyclopropane (1R*2R*)-6g. Yield 74%; a viscous
3. C s == , 1. 3~ PR e | lewy ava gy @ A o ;. I3 A Ty 1 A~ . ~ TN
liquid; IR (neatem ') v, 1702, 1447, 1307 and 1146; H NMR 0 0.87 (i, /=6.5 Hz, 3 H), 1.22 (m, 2 H),
1.37 (dd, J/=7.2, 5.5 Hz, 1 H), 2.00 (dd, /=9.6, 5.5 Hz, 1 H), 2.37 (m, 1 H), 2.67 (m, | H), 2.94 (in, | H)
2 d T AN O NN fon 1NN Ervand 0 L0 AN- T AN Calad fref™ I NCQC. O AQ AR LI £ 1A
dild 7.42-0.UVU (1, 1V NATOUNU. U, U7.9U, I'l, U.UL. LdibtU, 1UL U ol W0, W, U750, 1L, U.dS /)

{ Z henyl: I vImlfnn\rl)(‘w'lnnr()mmp (IR*2R*)-6h. Yield 86%. a colorless
solid; mp 144 °C; IR (Nuiol/cm ) v |678 1305 and 1143, '"H NMR § 1.56 (dd, J=8.8, 11.3 Hz, 1 H),
1 (dd, /=8.8, 13.4 Hz, 1 H), 3. 29 (dd J=11.3, 13.4 Hz, 1 H) and 6.82-8.00 (m, 15 H)(Found: C, 72.78;

4.94. Caled. for C,,H,,0,8: C, 72.90; H, 5.01%).
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Preparation of (1R* 2R¥*)-1-(1-hydroxyalkyl)-2-alkyl-1-(phenylsulfonyl)cyclopropanes (1R*.2R*)-8

General Procedure: UpOﬂ reatment of (IK"’ lK"‘) 3b with Dulym[mum and then Dutanal ina quﬂllﬂ' tasmon
to thal dcs«.nbed above two diastereoisomeric products were revealed to be formed by TLC and HPLC.

hmmotmnﬁhu [oi ica ge al alinant lv\avnﬁa _ath
us musl“yll] |oiuva 5 1, ‘dlu‘/lll HeaAat
*).
’ b

qd
1-(1-hydroxyb 2-methyl- 1R* 2R*).8b
ti

uty)- ,2R*)-8b

in 87% iquid; diastereomer ratio=55/45 (le ) IR ( e v, 3528, 1302 and 1140; 'H
NMR 50.7 (t J 7”*5 Hz 3H), 092 & 095 (dd, J=5.6, 7.1 Hz, 2 10-1.74 (m, 4 H), 1.30 (d, J=6.6
Hz, 3 H), 1.67 & 1.77 (dd, J=5.6, 10.0 Hz, 1 H), 2.05 & 2.08 (i, | H) % 43 & 3.66 (dd, /=4.3, 9.6 Hz,
1 H), 3.66 (brs, 1 H) and 7.52-7.91 (m, 5 H)(Found: C, 62.40; H, 7.76. Calcd. for C,,H,,0,S: C, 62.65;
H, 7.51%).

When (15*,2R*)-3b was used in place of (1R*,2R*)-3b, (IR*,2R*)-8b was isolated in 85% yield
(diastereomer ratio=56/44).

To a stirred mixture of PCC (1.08 g, 5 mmol) in dichloromethane (50 mL) was added a solution of
(1R*,2R*)-8b (1 mmol) in dichloromethane (5 mL) at 0 °C, and stirring was continued for 6 h after which
ethyl acetate (50 mL) and anhydrous MgSO, (10 g) was added. The mixture was further stirred for 10 min and
then TLC showed the formation of a single product (1R*,2R*)-6b. After filteration and removal of the

nluante ~aln rhenmataoennh n aal ahiiant havama At Aanatata (1. l 1 o0 1Dk "Dk £h

DUlVblllD CO1uinn blllUllldlUslapll] |_ l ic &sv1, viucin llC}\d.llC’Cl.llyl ALTLAUCT {0, 5a'vc \ll\ TL&NN T U in Ol /U

tvl

= C‘
¢ 'D
L‘f‘ ‘:

ViTaayseavAay

l plll

=
—ES
<

v

In a similar manner other cyclopropanes (1R*,2R*)-8¢c-8h were obtained from (1R*,2R*)-3b-d using
2-methylpropanal, octanal, or benzaldehyde. Similar oxidations of (1R*,2R*)-8c-8h by the use of PCC
afforded the corresponding (1R*,2R*)-6c-6h in high yields. The physical data of (1R*,2R*)-8¢-8h are
summarized below.

(IR*2R*)-1-(1-Hydroxy-2-methylpropyl)-2-methyl-1- (phenylsulfonyl)cyclopmpane (IR*2R*)-8c. Yield
71%; a viscous liquid; diastereomer ratio=57/43 (HPLC); IR (neat/cm ™) v, 3530, 1288 and 1137, H NMR
0.41 &0.98 (d, J=6.6 Hz, 6 H), 0.81 & 0.90 (dd, J=5.6, 7.1 Hz, 1 H), 1.27 (d, J=6.4, 3 H), 1.72 & 1.86
(dd, J=5.8, 9.8 Hz, 1 H), 1.75 & 1.93 (m, 1 H), 2.08 & 2.21 (m, 1 H), 2.32 (brs, | H), 3.38 (m, I H) and
7.53-7.91 (m, 5 H)(Found: C, 62.77; H, 7.69. Calcd. for C, H,,0,S: C, 62.65; H, 7.51%).

ID% PRI (1 Hudrnvunrtol Do mothul. 1 {nhonvleslnsnullmurlamrmnnang (IR¥ ID*¥) 04 Viald Q£CL. «
{4 LIN Jr-{ 1 l‘]u (/A](IL, Lj-&-r lcl’l)/l 1 (I 'lc"/yl“uuull)’ll(«)tl(l[”(lll T (1IN LIN T J-Oow. 11ICIuU oV /U, a
Visceus Hnn;r" diactarenmar ratin—60/21 (HPI () IR (npnt/ﬂtn-l\ \y 28717 1320R and 1 IAK' "y NMR 8§ 075
HulU’ WL LWIWU LWL LAWY AV ey § \lll ‘-l\/,, A3N \ll\fuu“ i / Vmu St  y VU LI 11T AR i VAVAAN W Vel oS

& 0.93 (dd, J=5.7, 7.1 Hz, 1 H), 0.85 & 0.86 (t, /=7.2 Hz, 3 H), 1.03-1.20 (m, 12 H), 1.25 & 1.31 (d,

J=6.4Hz, 3 H), 1.68 & 1.78(dd, J=5.7, 100 Hz, 1 H), 2.11 & 235 (m, 1 H), 4.70 (brs, 1 H), 340 &
3.64 (dd, J=4.5, 9.7 Hz, | H) and 7.52-7.89 (m, 5 H)(Found: C, 66.96; H, 8.87. Calcd. for C, H,,0,S:
C, 66.63; H, 8.70%).

(1R*2R*)-1-(a-Hydroxybenzyl)-2-methyl-1- (phenylsulf(mvl Jeyclopropane (IR*2R*)-8e. Yield 96%;
viscous liquid; diastereomer ratio=57/43 (HPLC); IR (neat/cm™) v, 3535, 1300 and 1140; 'H NMR & 0. 88
& 1.26 (dd, J=5.5, 7.2 Hz, 1 H), 1.36 & 1.39 (d, J=6.7 Hz, 3 H), 1.78 & 1.94 (dd, J=5.5, 10.0 Hz, 1 H),
2.19 & 2.48 (ddd, J=5.7, 6.7, 10.0 Hz, 1 H) and 3.93 & 4.10 (m, 1 H) 4.68-5.15 (br's, 1 H), and

6.97-8.09 (m, 10 HXFound: C, 67.71; H, 5.88. Calcd. for C,H,;O,S: C, 67.52; H, 6.00%).

/1 D% ‘)D:k\ I LFs, dvsvmidazatnsd) D snseiomas Liasavi]oss g propane [I1D¥ YPx)_RF Viald TACG n
[V ¥ A SRV LG o § u_yur(l.kyuulyt/ A'[ll(l[l)/l J (ll”CllVL)ul[(lH)’ _}’ [II II e {1z &A% ) OJ. 1iviIu i</, a

1
viscous li ') v 3530, 1302 and 1140; 'H NMR § 0.76

iquid; dastereomer ratio=58/42 (HPLC); IR (neat/cm’ .
58, 7.0Hz 1 H), 0.85 & 0.86 (t, J=7.1 Hz, 3 H), 0.89 (t, J=7.0 Hz, 3H), 1.03-1.20 (m,

& 0.90 (dd, J/=5.8 6 (t, J 0.8

8 H), 1.68 & 1.78 (dd, /=6.0, 10.0 Hz, 1 H), 2.11 & 2.35 (m, | H), 3.40 & 3.64 (dd, /=4.6, 8.8 Hz, 1 H),
4.70 (brs, 1 H) and 7.52-7.89 (m, 5 H)(Found: C, 64.72; H, 8.55. Calcd. for C, H,,0,S: C, 64.83; H,
8.16%).
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(1R*,2R*)-1-(1-Hydroxybutyl)-2-phenyl-i-(phenyisulfonyl)cyclopropane (IR*2R*)-8g. Yield 74%; a
colorless solid; mp 74 °C; diastereomer ratio=55/45 (HPLC); IR (Nujol/ cm™) v, 3535, 1302 and 1140; 'H
NMR 3 0.62 & 0.99 (t,/=7.3, 3 H), 1.10-1.81 (m, 4 H), 1.47 & 1.76 (dd, /=6.2, 7.4 Hz, 1 H), 2.13 & 2.24
(dd I—-A 1 GQ”WIL}\ VY74 (fhre 1THY 2797 27209 (mm HY T2 2 278 (A4 1-7Q Q QLUI» 1§ LI\ and
U, J—U. 1, 7.0 88&y 1 18], &7 (UL O, § 1K), £.07 (X L.74 (1L, 1 1), J.JU KX J.40 \UU, J=—/7.0, 7.0011L, 1 I1j aliu

7.13-8.04 (m, 10 H¥Found: C, 69.46; H, 6.87. Calcd. for C, H,,0,8: C, 69.06; H, 6.71%).

(I1R* 2R*)-1-(a-Hydroxybenzyl)-2-phenyl- - (phenylmlﬁmvl)fy( lopropane (IR*.2R*)-8h. Yield 86%; a
colorless solid; diastereomer ratio=53/47 (HPLC); IR (Nujol/em™) v__ 3535, 1300 and 1140; 'H NMR 3 1.85
& 1.99 (dd, J=6.1, 8.3 Hz, | H), 2.11 & 2.35 (dd, J=6.1, 10.1, 1 H), 3.40 & 3.68 (dd, J=8.3, IOl Hz,

1 H), 3.93 & 4.10 (dd, /=8.2, 9.0 Hz, 1 H), 6.52 (br s, | H) and 6.82-7.94 (m, 15 H)Found: C, 72.68;

H, 5.52. Calcd. for C,,H,,0,8: C, 72.50; H, 5.53%).

Protonation of carbanion generated from (1S* 2R*)-3b

To a stirred solution of (15*,2R*)-3b (0.39 g, 2.0 mmol) in dry THF (20 mL) was added dropwise
butyliithium (i.67 mol/L in hexane, 1.50 mL, 2.4 mmol) at -78 °C under Ar, and stirring was continued for 10
min at -78 °C after which saturated aqueous NH,Cl (5 mL) was added to the solution.The resultant solution

wae gtirrad far 1) min and than allnwad t4 warm ranm tamnasatiiea far o mamad ~Ff 1 h Tha anvaniie lavar
was stirreG 10r 1U mifl anG inen anowed (6 warm {0 room wilipliawdic 1U1 a ponou or 1l I AqUEOouUs 1ay<s

was extracted with ethvl acetate (30 ml), and the combined organic layer was washed

TAUGVIVG YYRLa Laaaya ABias)y VUMLIVIIVG ViguIIy iGyvr YTRS Yy G

(MgS0,), filtered and concentrated in vacuo. TLC of the residue revealed no recovery of
Column chromatography [silica gel, eluent hexane-ethyl acetated (4:1)} gave (IR*,2R*)-3b (0.38 g, 97 %).
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